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Pattern formation method and substrate manufacturing apparatus 



(57) Provided is a substrate manufacturing tech- 
nique for forming patterns on substrates with the aid of 
an ink-jet systems. Relates to a substrate manufacturing 
apparatus for forming arbitrary patterns on a substrata 
1 from a fluid 11. This apparatus comprises an ink-jet 
print head 2 configured to allow the fluid 11 to be elected 
onto the substrate 1 ; treatment means 3 for performing 
a specific treatment on the substrate 1; drive means 4 



configur 
print he< 



! to allow the r 



tried; and control means 5 for controlling the 
f the fluid 11 from the ink-jet print head 2, the 
snt means 3, and the 
drive effected by the drive means 4. The control means 
5 i S configured to allow the treatment by the treatment 
means to be performed prior to the ejection of fluid from 
the ink-jet print head 2. 
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Description 
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[0001] The present invention relates to a commercial 
use of an ink-jet print head, and more particularly to a 
man factoring technique for forming arbitrary patterns 
with the aid >1 an nk }< ' system. 

D gtiori of. the Related Art 

[0002] Substrates used in semiconductor processes 
or the like are formed from silicon and the like. Litho- 
graphic techniques and the like have been used in the 
past for manufacturing integrated circuits and the tike 
from such silicon substrates. 
[0003] A characteristic feature of the lithographic 
techniques is that a photosensitive materia! called resist 
is applied thinly to a silicon wafer, and an integrated cir- 
cuit pattern produced by photolithography on a dry glass 
plate is transferred by being printed with the aid of light. 
Ions or the like are implanted into the transferred resist 
pattern, gradually forming wiring patterns or elements, 
[0004] Because photolithography, resist application, 
exposure, development, and other steps are needed in 
order to be able to use the aforementioned lithographic 
techniques, fine patterns can only be produced at well- 
equipped semiconductor plants or the like. It is natural 
to expect, therefore, that the formation of fine patterns 
must involve complicated process control and high 



SUMMARY OF THE INVENTION 

[0005] It should be noted that unlimited commercial 
demand exists for processes in which patterns on the 
order of micrometers (which do not quite reach the scale 
of VLSI or other such fine patterns) could be manufac- 
tured simply, inexpensively, and without the use of 
plants or other equipment. 

[0006] The applicant already possesses technical ex- 
pertise in the field of ink-jet systems in the form of tech- 
nology for printing on paper. An ink-jet system uses an 
ink-jet print head for ink ejection. Such heads are con- 
figured in a way that allows the ink to be ejected from 
nozzles, and printing is performed by discharging the 
ink from the nozzles onto paper. Until now, ink-jet sys- 
n . -ivc prii larily been used in printers for printing 
purposes. 

[0007] An ink-jet print head can eject any fluid as long 
lull i fi I ill i ^ ii 1 

,i r ~t - i - 11 ' ' 1 - "I 

It is therefore believed that any pattern with a width on 
the order of micrometers could be formed if it were pos- 
, , _ luids from the in- 
iiv dual nozzles of an ink-jet print head. An ink-jet sys- 



tem does not require equipment such as plants 
[0008] St is. however, impossible to form patterns 
merely by configuring the system such that, a fine c^i 
be ejected from an ink-jet print head. This is because 

$ auxiliary treatments for fixing inks as patterns is needed 
in order to form patterns from such fluids. Ft r e « iple 
, tr n->nt_tj Kor, i _ ' i ' Hi 

from fluids, physical treatments for arranging pattern 
shapes, or physical-chemica! treatments for accurately 

to fjxing pattern materials in pattern-forming regie ; are 
needed in order to fix patterns on substrates, 
[ooos; in- ■ < - - i i ' - .i ii 1 1 ~< - ' 
offered by manufacturing substrates through the use of 
ink-jet systems in order to I ic < I | l~ lc- mat ion be 

is cause bulky manufacturing equipment is used in the 
treatment of such fluids. 

[0010] In view of this, the inventors of the present ap- 
plication devised a technique whereby a pattern is sub- 
jected to the necessary treatments before and after 
so ejection from an ink-jet print head, or the moment tha 
ink is ejected during the formation of patterns with the 
aid of an ink-jet system, 

[001 1] Specifically, a first object of the present inven- 
tion is to provide a method that allows patterns to be 
25 formed by enabling treatments to be performed before 
a fluid is ejected onto a subs! rate, and to provide a man- 
ufacturing apparatus therefor. 

[0012] A second object of the present invention is to 



is to pro 



t001 3] A third object of the present o 
vide a method that allows patterns to be formed by en- 
35 abling treatments to be performed the moment a fluid is 
a substrate, and to provide a manufacturing 



c;ccl 



refor. 



(G014J 



addressing the aforementioned 
jattern formation method for dis- 
■fO charging a prescribed fluid onto a substrate from an ink- 
jet print head and forming an arbitrary pattern, and com- 
prises a step for subjecting the aforementioned sub- 
strate to a specific treatment in advance before the 
aforementioned fluid is ejected, and a step for discharg- 
es ing the aforementioned fluid onto the aforementioned 
treated substrate from the aforementioned ink-jet print 
head, 

[001 S] As used herein, the term "fluid" refers to a me- 
dium that can be used not only for inks but also tor other 

50 commercial applications, and that has a viscosity level 
that allows the fluid to be ejected from a nozzie. it is 
sufficient for the fluid to have a fluidity (viscosity • ie /el 
that allows it to be ejected from a nozzle tr t v hi 3 y i 
fluid may be devoid of additives or may contain admixed 

S3 solid matter. The ink-jet print head may belong to a sys- 
tem in which the fluid is ejected by the volume variations 
of a piezoelectric element, to a system in which the fluid 
is ejected as a result of the fact that vapors are rapidly 
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formed by the application of heal, or to a system in which 
h t d is ejected by electrostatic forces The term 'spe- 
i r atmem nay refer t. >c emica! treatment, phys- 
( - i~,< i j c - - n chemical treatment. These 
.■it i c~s aio used in a similar manner below. 
[0016] The invention addressing the aforementioned 
i n i ' 'i- 'i^thodfor 
d sch irging a prescribed fluid onto a substrate from an 
i, i. , t _ , i n unm -ii L 1 ' : 1 i f < i i. > ! 

i i -iroing the prescribed fluid on- 
to the substrate from the ink-jet print head, and a step 
for performing a specific treatment on the substrate onto 
which the fluid has been ejected 
[0017] The invention addressing the aforementioned 
third object resides in a pattern formation method for dis- 
charging a prescribed fluid onto a substrate from an ink- 
jet print head and forming an arbitrary pattern, and com- 
prises a step for discharging the prescribed fluid from 
the ink-je! print head, and a step for performing a specific 
treatment on the droplets of the fluid thus ejected, before 
the fluid ejected from the ink-jet print head reaches the 
substrate, 

{001 8] The aforementioned f reatment may, for exam- 
ple, be one that exerts chemical action on the fluid. The 
term "chemical action" refers to precipitation, a chemical 
reaction, or other action affecting a substance. An ex- 
ample of such a treatment is one in which the solubility 
of a prescribed substance contained in the fluid is low- 
ered, and the substance is caused to precipitate. This 
treatment may, for example, be performed by subjecting 
the substrate or the fluid to a hot-air blast, laser irradia- 
tion, lamp irradiation, reduced pressure, or ambient var- 
iations (temperature or mist), This treatment may also 
be one in which a substance that induces chemical re- 
action© in the fluid is ejected onto the substrate. Further- 
more, this treatment may be one in which energy is sup- 
plied io droplets, and the concentration of the fluid is 
raised. Moreover, this treatment may be one in which 
energy is supplied to the droplets, and the trajectory of 
the droplets is curved, 

[001 9] The aforementioned treatment may for exam- 
ple, be one that exerts physical action on the fluid. The 
term "physical action" refers to a mechanical, electro- 
chemical, or magnetochemical effect on the fluid. This 
treatment may. for example, be one that is designed to 
align the borders of the ejected fluid with the borders of 
a pattern-forming region. This treatment may also be 
one in which excess fluid Is absorbed by an absorbent 
as a result of the movement of the absorbent along the 
phHo. n -forming region. 

[0020] The aforementioned treatment may, for exam- 
ple, be one that exerts physical-chemical action on the 
flu i he Semi 'physical-chemical action" refers to an 

| f_ t t ill -' . t „ ,. "i I -t r 

;al actions This treatment may. for example, be one in 
which the area of the substrate around the pattem-form- 

i i - gion is surface-modified to eliminate any affinity 
for the Hmd. This treatment may also be one in which 



the pattern-forming region on the substrate is surface- 
modified to achieve affinity for the fluid. As used herein, 
the term "no affinity* refers to the property o* having a 
cornpai i > 1 , i a " " 1 1 

s The term "affinity 1 " refers to a comparatively small con- 
tact angle in relation to the fluid. These expressions are 
contrasted withal—: ' 
of films in relation to the fluid. This treatment is one in 
which the pattern-forming region on the substrate is su r- 

w face-modified into an absorption lave* lor rtbsnrbma U 
fluid. This treatment may also be one in which be ks foi 
preventing the fluid trom flowing o«S are c < iround 
the pattern-forming region, and which further comprises 
a step for removing these banks following the formation 

is of the pattern. Furthermore, this treatment may be one 
in which the same fluid is further ejected along a pattern 
region within which a fluid has already been ejected. 
Furthermore, this treatment may be one in which a sub- 
stance that induces chemical reactions in the fluid is 

20 made to act on droplets. In addition, this treatment may 
also be one in which the attributes of the droplets are 
defected, and may further comprise a step for controlling 
the ejection of the droplets from the ink-jet print head on 
the basis of the droplet attributes thus defected. 

ss [0021} The present invention, which resides in a sub- 
strate manufacturing apparatus for forming an arbitrary 
pattern on a substrate from a prescribed fluid, comprises 
an ink-jet print head configured to allow the fluid to be 
ejected onto the substrate; treatment means for per- 

30 forming a specific treatment on the substrate; drive 
means configured to allow the relative positions of the 
ink-jet print head, the treatment means, and the sub- 
strate to be varied; and control means for controlling the 

ss performed by the treatment means, and the drive effect- 
ed by the drive means. The control means is configured 
to allow the treatment by the treatment means to be per- 
formed prior to the ejection of fluid from the ink-jet print 

40 [0022] In addition, the pi 

sides in a substrate manufacturing apparatus for form- 
ing an arbitrary pattern on a substrate from a prescribed 
fluid, comprises an ink-jet print head configured to allow 
the fluid to be ejected onto the substrate; treatment 

45 means for performing a specific treatment on the sub- 
strafe: drive means configured to allow the relative po- 
sitions of the ink-jet print head, the treatment means,, 
and the substrate to be varied; and control means for 
controlling the ejection of fluid from the ink-jet print head, 

so fie treatment performed by the treatment means, and 
the drive effected by the drive means. The control 
means is configured to allow the ejection of fluid from 
the ink-jet print head to be performed prior to the treat- 
ment carried out by the treatment means. 

ss [0023] The present invention, which resides in a sub- 
strate manufacturing apparatus for forming an arbitrary 
pattern on a substrate from a prescribed fluid, comprises 
an ink-jet print head configured to allow the fluid to be 



■nt invention, which re- 



3 



5 



EP 0 930 641 £2 



ejected onto the substrate: treatment means for per- 
forming a specific treatment on the droplets of the fluid 
- i ; from the ink-jet print head before these droplets 
-, , i - o ,i. ,• ; no n-i - iiigured to allow the 
* 1 i . f portions of the ink-jet print head, the treatment 
means, and the substrate to be varied; and control 

i r [ i I I t'r r it< i i 1 „ i I 

n t • „ , i i n i i- i' 

[0024] The aforementioned treatment means may, for 
„< i" , t j.'it'j I 1 . . ,-( 1 f i- rc 

exerted on the fluid. 

[0025] in addition, the treatment means is configured 
to allow the solubility of a prescribed substance con- 
tained in the fluid to be lowered, and the substance to 
be precipitated 

[0026] Furthermore, the treatment means is config- 
ured to allow a substance that induces chemical reac- 
tions in the fluid to be ejected onto the substrate, 
[0027] Moreover, the treatment means is configured 
to allow physical action to be exerted on the fluid, 
[0028] in addition, the treatment meansis configured 
to allow the borders ol the ejected fluid to be aligned 
with the borders of a pattern-forming region. 
[0029] Furthermore, the treatment means comprises 
an absorbent, and the control means allows excess fluid 
to be absorbed by the absorbent as a result of the rela- 
tive movement of the absorbent along the pattern-form- 
ing region. 

{0030J Moreover, the treatment means is configured 
to allow physical-chemical action to be exerted on the 
fluid. 

[0031] In addition, the treatment means is configured 
to allow the area of the substrate around the pattern- 
forming region to be surface-modified to eliminate any 
affinity for she fluid. The term "no affinity" refers to the 
property of having a comparatively large contact angle 
in relation to the fluid. These expressions are contrasted 
with affinity in order to elucidate the behavior of films in 
relation to the fluid. 

[0032] Furthermore, the treatment means is config- 
ured to allow the pattern-forming region on the substrate 
to be surface-modified to achieve affinity for the fluid. As 
used herein, the term "affinity" refers to a comparatively 
small contact angle in relation to the fluid. 
[0033] Moreover, the treatment means is configured 
to allow the pattern-forming region on the substrate to 
be surface-modified into an absorption layer for absorb- 
ing the fluid. 

[0034] In addition, the treatment means is configured 
tc In ' . 1 - • n q the fluid from flowing out 
to be formed around the pattern -forming region, and this 
manufacturing apparatus further comprises means for 
i , ing these banks following the formation of the pat- 
tern. 

[0035] The present invention, which resides in a sub- 
strate manufacturing apparatus for forming an arbitrary 
„r on -s substrate from a proscribed fluid, comprises 



an ink-jet print head configured to allow the fluid to be 
ejected onto the substrate, drive means configured to 
allow the relative positions of the substrate and the Ink- 
jet print head to be varied, and control means for con- 
s trolling the ejection of fluid from the ink-jet print head 
and the drive effected by the drive means, in the control 
means, the same fluid ts further ejected from the ii - je 
print head along a pattern region wi<h.n < I i < t i 
already been ejected, 
io (0036] The treatment means may, for example, be 
configured to allow energy to be supplicu to drople 
and the concentration of this fluid to be raised. 
[0037] In addition, She treatment means is cor nutcc 
to allow energy to be supplied to droplets, and the t ra- 
ts jectoty of the droplets to be curved 

[0038] Furthermore, the treatment means is config- 
ured to allow a substance that induces chemical reac- 
tions in the fluid to be fed to the droplets. 
[0039] Moreover, the treatment means is configured 
so so allow the attributes of the droplets to be defected, and 
the control means controls the ejection of the droplets 
from the ink-jet print head and the drive performed by 
the drive mean on the basis of the droplet attributes de- 
tected by the treatment means. 

ss 

BRIEF PESCR1PTTQN OF THE DRAWINGS 

[0040] Fig. 1 is a block diagram of the substrate man- 
ufacturing apparatus in an embodiment of the present 
30 invention, 

[0041] Fig. 2 is a diagram illustrating a first arrange- 

[0Q42] Fig. 3 is a diagram illustrating a second ar- 
rangement (aftertreatment). 
ss {0043] Fig, 4 is a diagram illustrating a third arrange- 
ment (a treatment that immediately follows ejection). 
[0044] Fig. 5 is a side view depicting the treatment 
concept of Embodiment. 1 , 

[0045] Fig. 6 is a side view depicting the treatment 
40 concept of Embodiment 2. 

[0046] Fig. 7 is a plan view depicting the treatment 
concept of Embodiment 3 

[0047} Fig, 8 is a plan view depicting the treatment 
concept of Embodiment 4. 
45 [0048] Fig. 9 is a side view depicting the treatment 
concept of Embodiment 5. 

[0049] Fig, 10 is a plan view depicting the treatment 
concept of Embodiment 6. 

[OOS0] Fig. 11 is a diagram depicting the treatment 
50 concept of Embodiment 7.. where (a) is a plan view, and 
(b) is a side view. 

[0051] Fig, 12 is a diagram depicting the treatment 
concept of Embodiment 8, where (a) is a plan view, and 
{b) is a side view. 

(0052J Fig. 13 is a side view depicting the treatment 
concept of Embodiment 9. 

[0053] Fig, 14 is a side view depicting the treatment 
concept of Embodiment 10. 
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[0034] Fig. 15 is a plan view depicting the treatment 

concept of Embodiment 11. 

[0055] Fig 16 is a plan view depicting the treatment 

concept of Embodiment 12. 

[0056] Fig, 17 is a diagram of the treatment concept 
• 1 1 -i. :J '-c- t i 0 

[0057] Fig. 1 S is an exploded perspective view of an 
ii". • t - r " 1 1 • 

ffj ,cj i is h perspective view/padia! cross-sac- 

'«o ! 'tow of the main portion of the ink-jet print head. 
fuC£< - i dwyiam illustrating the ejection 

principle of the ink-jet print head. 

OESCRTPTION OF THE PREFE R f B 1 \ 
EMBODIMENTS 



[006CJ The best mode for carrying out the present in- 
vontion will now be described with reference to draw- 



common Structure) 

[0061 ] Fig 1 is a schematic block diagram of the com- 
mon components of the substrate manufacturing appa- 
ratus used in the embodiments that toltow. As shown in 
Fig. 1 , the substrate manufacturing apparatus 100 itself 
comprises an ink-jet print head 2, a treatment apparatus 
3, a drive mechanism 4, and a control circuit 5. In the 
embodiments that follow, the configuration of the treat- 
ment apparatus 3 and the treatment specifics are differ- 
ent in each case, but the rest of She structure is substan- 
tially the same in at! the embodiments. 
[0062] An ink tank 28 filled with a fluid 10 is connected 
to the ink-jet print head 2 with a pipe 27 to allow the fluid 
10 to be fed in, Any hydrophtlic or hydrohobic fluid can 
be used as the fluid 10 as long as it has the fluidity thai 
allows it to be ejected from the ink-jet print head. The 
entire composition may be other than fluid. It is possible, 
for example, to use a composition obtained by adding 
an electf ©conductive metal in the form of fine particles 
to a solvent, 

[0063] The structure of the ink-jet print head will first 
be described. Fig, 18 is an exploded perspective view 
of the ink-jet print head 2. It is sufficient for the ink-jet 
print head 2 to be configured as a common ink-jet print 
head capable of discharging any fl 
head 2 in Fig. 18 is obtained by fit! 



head 2 is configured such that the pressure chamber 
substrate 22 is sandwiched between the nozzle plate 21 
and the diaphragm 23. The nozzles 211 in the nozzle 
plate 21 are formed such that their positions co- espond 

s to the cavities 22 1 when the plate is placed on top of the 
pressure chamber substrate 22 By etching a silicone 

i . ji- 1 i l r i 

substrate 22 is provided with a plurality of caviti s ZL ' 
capable of functioning as individual pressure chambers. 

10 The cavities 221 are separated by side wails 222. Each 
cavity 221 is connected by a supply port 224 to a reser- 
voir 223, which is a common conduit. The diaphragm 23 
may, for example, be composed of a thermally oxidized 
film or the (ike. Piezoelectric elements 24 are formed at 

(5 positions corresponding to the cavities 221 on the dia- 
phragm 23, The diaphragm 23 is also provided with an 
ink tank port 231 to aflow any fluid 1 0 to be fed from the 
tank 26. The piezoelectric elements 24 may, for exam- 
pie, be configured such that PZT elements or the like 

20 are sandwiched between an upper electrode and a tow- 
er electrode (not shown). The piezoelectric elements 24 
are configured such that volume variations can occur in 
accordance with the control signals Sh fed from the con- 
trol circuit 5, 

25 [0065} Although the above-described ink-let print 
head was configured such that piezoelectric elements 
were caused to change their volume, and a. fluid was 
ejected, it is also possible to use a head structure in 
which heat is applied to the fluid by a heater, and drop- 
33 lets are ejected by Ihe resulting expai 



ging any fluid. The ink-jet print 
ined by fitting into a casing 25 
ai with nozzles 211 , and a pres- 
sure chamber substrate 22 equipped with a diaphragm 
23, The pressure chamber substrate 22 may, for exam- 
ple, be formed by silicon etching and provided with cav- 
ities (pressure chambers) 221. side walls 222, a reser- 
voir 223, and the like. 

[0064] Fig, 1 9 is a perspective view/partial cross-sec- 
tional view of the structure of the main portion of the ink- 
jet print head 2 obtained by stacking the nozzle plate 21 , 
pressure chamber substrate 22, and diaphragm 23. As 
sf ov, ri in Ihe drawing, the main portion of the ink-jet prim 



[0065] 



red to al- 



ia with control signals Sp from ihe con- 
tritions and structure of the treatment 
become apparent from ihe embodi- 



m to! 



[0067] The drive mechanism 4. which comprises a 
motor M1 . a motor M2. and a mechanism structure {not 

40 shown), is configured to allow both the ink-jet print head 
2 and the treatment apparatus 3 to be conveyed in the 
direction of the X-axis (transverse direction in Fig 1) and 
in the direction of the Y-axis (depth direction in Fig. 1 ). 
Motor M1 is configured to allow the ink-jet print head 2 

4$ and the treatment apparatus 3 to be conveyed in the 
direction of the X-axis in accordance with drive signals 
Sx, Motor M2 is configured to allow the ink-jet print head 
2 and the treatment apparatus 3 to be conveyed in the 
direction of the Y-axis in accordance with drive signals 

so Sy. 

[0068] It is sufficient for the drive mechanism 4 to be 
provided with a structure that allows the positions of the 
ink-jet print head 2 and treatment apparatus 3 to be var- 
ied relative to the substrate 1 . It is therefore possible, in 
55 addition to the above-described structure, to use an ar- 
rangement in which the substrate 1 is moved in relation 
to the ink-jet print head 2 or the treatment apparatus 3, 
or an arrangement in which both the substrate 1 and the 
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ink-jet print head 2 (and the treatment apparatus 3) are 
moved. Furthermore ; certain types of treatment do not 
j, <- ilv-it the treatment apparatus 3 be conveyed to- 
gether with the ink-jet print head 2, and allow the treat- 
ment apparatus 3 to be conveyed or to remain station- 
ary. 

[0069] The ejection principle of the ink-jet print head 
I s described with reference to Fig. 20. This drawing is 
, i n r ' i F , ^ 1 f i ' 
ted from the tank 26 into the reservoir 223 through the 
ink 1 ank port 231 provided to the diaphragm 23. The fluid 
r i ,.\s from this reservoir 223 into each cavity 221 
through the supply port 224. The volume ot the piezoe- 
lectric element 24 varies when voltage is applied be- 
tween the upper and tower electrodes thereof. This vol- 
ume change deforms the diaphragm 23 and varies the 
volume of the cavity 221 . 

[0070] The diaphragm 23 remains undeformed in as 
long as no control signal Sh is provided or voltage ap- 
plied. When a control signal Sh is provided and voltage 
applied, the diaphragm 23b or the post -deformation pi- 
ezoelectric element 24b is deformed, reaching the po- 
sition shown by the broken line in the figure. When the 
internal volume of the cavity 21 changes, the pressure 
of the fluid 10 in the cavity 21 rises. The fluid 10 is fed 
to the nozzle 211, and a droplet 11 is ejected. 

{Arrangement Aspects) 

[0071] Basic treatment arrangements of the present 
invention will be described with reference to Figs. 2-4. 
The present invention will be described by considering 
ee separate arrangements for the treatment appara- 
tus used on the fluid ejected from the ink-jet print head. 
[0072] Fig. 2 is a concept diagram of a first arrange- 
ment lor treating the substrate before the fluid is ejected 
the ink-jet print head. As shown in the drawing, the 



lets 



of the fluic 



k-jet | 



sent H 



.M'h -Ct-ii r I.O rt- 

[0073] Fig. 3 is a concept diagram of a second ar- 
rangement for treating the fluid or the substrate a 'or the 
id has been ejected from the ink-jet print head. As 
own in the drawing, the ink-jet print head 2 and the 
satment apparatus 3 are conveyed in a relative fashion 
the conveyance direction designated by an arrow. In 
;he second arrangement the treatment apparatus 3 is 
j iod behind the ink-jet print head 2 in the direction 
of advance. A prescribed treatment 7 is performed on 
ihe substrata 1 after droplets 11 of the fluid have been 
ejected from the ink-jet print head 2 onto the substrate 
Treatment specifics will be described with reference 



to an embodiment that follows 
[0074] Fig. 4 is a concept diagram of a third arrange- 
ment tor directly treating droplets of the fluid ej< 
from the ink-jet print head, in the third arrangement, the 

s treatment apparatus 3 is disposed to atiow direct treat- 
ment of the droplets 11 ejected from the ink-jet print 
head 2, A prescribed treatment 7 is performed on the 
droplets 1 1 of the fluid ejected from the n , j tp m .o;id 
2 before these droplets reach the substrate 1 . Treatment 

jo specifics wilt be described with reference to an embod- 
iment that follows 

(Embodiment 1} 

is [0075] Embodiment 1 ol the present invention relates 
to a treatment that exerts action (reduction in solubility} 
on the fluid, and is primarily used in the first and second 
arrangements described above. 
[0076] Fig. 5 is a side view illustrating the treatment 

20 concept of Embodiment 1 . The treatment apparatus 301 
of Embodiment 1 is configured such that a treatment 701 
for lowering the solubility of substances admixed into the 
fluid and precipitating these substances as solids can 
be applied to the substrate 1 before a droplet 11 is eject- 

2$ ed. Atreatment in which a hot-air blast, laser irradiation, 
lamp irradiation, or the like is performed to vaporize the 
solvent components of the fluid can be suggested as 
such a treatment. Although the drawing depicts the 
structure utilized for the first arrangement, the treatment 

so apparatus 301 can be disposed behind the ink-jet print 
head 2 in the direction of advance when the structure is 
utilized for the second arrangement. 
{00773 When hot air is to be blown, the treatment ap- 



the laser light, an actuator apparatus for driving the lens 
40 array and appropriately gathering the laser light on the 
substrate, and the like. When lamp irradiation is per- 
formed, the system is equipped with a xenon lamp (or 
other lamp capable of emitting high energies), a reflec- 
tor, a tens array, and the tike. 
45 [0078] When the above-described treatment appara- 
tus 301 is used in the first arrangement for performing 
pretreatments, the aforementioned treatment is per- 
formed on the substrate 1 immediately before a droplet 
11 of the fluid is ejected. Because the substrate 1 is al- 
so ready heated the solvent components of a droplet 
reaching the substrate are vaporized immediate y aft. • 
the contact and the fluid is concentrated, with the result 
that the solids remain or the dissolved product precipi- 
tates. When, for example, the fluid is obtained by adding 
s$ fine metal particles to a solvent, the solvent components 
alone are vaporized by the action of heat, and the fine 
metal particles remain on the substrate as a cc-iductive 
pattern. 
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10079] When the above-described treatment appara- 
tus 301 is used in the second arrangement for perform- 
r-r: ,-.fortrcatments, the aforementioned treatment is 
i it J [ f i ' > Ui.ive already been 

ejected onto the substrate. The dissolved product can 
bo pi ec ousted by the same action, 
[0080] In addition to the above-described treatment, 
1 ,iL- > > " " i i - •' ' < vi .-i !r )i i i ' - ii 
l -ospfii re ia varied or ilu pr< r un be t ?n 
locally. Such a configuration makes it possible to tower 
t • I ibility of the dissolved product in the fluid and, as 
a result, to allow the dissolved product to precipitate An 
arrangement in which the entire substrate is heated or 
the like can also be added to the modification examples 
of the present embodiment. A heating device or the like 
is therefore provided to the mounting platform of the 
substrate 1 

[0081] Thus, Embodiment 1 allows solids to be re- 
tained in, or precipitated from, the fluid by the application 
of energy, and patterns can be easily formed In addi- 
tion, the treatment apparatus merely performs heating 
locally, making it possible to reduce the size of the heat- 
ing equipment and to curtail energy consumption. 

(Embodiment 2) 

[0082] Embodiment 2 of the present invention relates 
to a treatment that induces chemical action {chemical 
reaction) in the fluid, and is primarily used in the first and 
second arrangements described above. 
[0083] Fig. 8 is a side view illustrating the treatment 
concept of Embodiment 2. The treatment apparatus 302 
of Embodiment 2 is configured such that a reaction so- 
lution 702 capable of breaking up a disperse system or 
initiating a chemical reaction in the fluid is ejected on 
the substrata 1 before the fluid 10 is ejected. The same 
structure as that of the ink-jet print head 2 should pref- 
erably be used as the treatment apparatus 302. This is 



droplets 11 of fluid are ejected The disperse system is 
broken up or chemical reactions are initialed am. s-; : 
matter 1 3 is deposited when the droplets 11 impinc - - - 
the pattern-forming region within which the iean: i :.: 

s lution 702 has been ejected. When for example, the 
droplets 11 contain a metal salt a conductive rr sta! \ a1 
tern can be formed by making use of a reaction solution 
702 that is reactive with this salt 
[0086] When the above-described treatment appara- 

jo tus 3 is used in the second arrangement for pei form j 
aftertreatrnents., the reaction solution 702 is ejected in 

I, I I 11 < If, 1 I r t , t I r i ! . - < 1 

ejected onto the substrate The solid matter 1 3 can be 
formed by the same action. 
is [0087] Although two ink-jet print heads were used in 
the embodiments described above, the number of 
heads capable of discharging other reaction solutions 
should be increased in order to initiate more complicat- 
ed reactions 

20 {0088} According to Embodiment 2. patterns can be 
formed merely by providing a plurality of ink-jet print 
heads because the disperse system can be broken up 
or chemical reactions initiated with a reaction solution, 
as described above. In particular a plurality of heads 

25 having the same configuration should be provided, and 
solely the substance ejected therefrom should be var- 
ied, making it easier to design manufacturing apparatus. 



nt invention relates 
tity of the substrate 
is primarily used in 



h that the pattern- 
n be surface-modi- 
10 before this fluid 



n tN 



edw 



[0084 1 When an organic pigmen 
rene ac a I. t i < ^ mponent of the fluid 

droplets 1 1 , discharging an aqueous solution of magne- 
sium nitrate as the reaction solution 702 can be cited as 
iexa np le of a I reatment that breaks up a disperse sys- 
tem. In addition when an epoxy resin is the principal 
con i onenl of the fluid droplets 1 1 , discharging amines 

! „ , i - "2 1 - f- 'I -u n nrJ 

of a treatment that initiates chemical reactions. 
[0085] When the above-described treatment appara- 
tus 302 is used in the first arrangement for performing 
: ? treatments, the aforementioned reaction solution 
jocted within a pattern-forming region before the 



methods can be used as surface 
s aimed at achieving affinity when 
ar molecules (moisture and the 



45 methods for forming aluminum oxide, silica, and other 
porous films; and methods for performing reverse sput- 
tering in argon or the like, as well as corona ejection 
treatments, plasma treatments, ultraviolet irradiation 
treatments, ozone treatments, degreasing treatments. 

so and various other known methods. Methods for applying 
paraffin or the like gas plasma treatments, coupling 
treatments, and the like may be used when the fluid is 
devoid of polar molecules. 

[0092] When a silane coupling agent is used, the 
ss treatment apparatus 303 is configured such that it is 
possible to apply organosilicon compounds (silane cou- 
pling agents) having alkoxy groups, halogens, and other 
hydi oiy/ablp sui 



7 
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■ ic substances, as well as vinyl groups, epoxy 
groups, and amino groups readily reactive toward or- 
jbsti tncss. Ejection of materials from ink-jet print 
. and direct application with application mecha- 
nisms resembling ball-point pens can be suggested as 
hi- r,lic=5tion method, When porous films are to be 
formed, the treatment apparatus 303 is configured to al- 
Al 2 0 3 and 

,\u i r; 'ji • \< i methods are the same as de- 
scribed above. A spuHermg apparatus is used as the 
s r i tin 1 'I 11 1 J i 

sputtering Specifically, a cathode, an electrode in which 
the substrate serves as the anode, a mechanism for ad- 
justing the argon atmosphere, a power source, and the 
like are provided. Through a reverse sputtering treat- 
ment, the substrate surface is activated,, replacement 
with hydrophilic substituent groups is achieved, and the 
substrate surface is modified. When a corona discharge 
is used, a high-voltage discharge electrode is provided 
as the treatment apparatus 303. and a structure is set 
up such thai ground voltage can be applied to the sub- 
strate 1 . Some of the organic molecules of the substrate 
are replaced with hydrophilic groups, and the substrate 
surface is modified by the local application of high volt- 
age to the surface. To perform a plasma treatment, the 
treatment apparatus 303 is configured such that (t is 
possible to eject a plasma generated by a gas dis- 
charge. An ultraviolet irradiation lamp is provided as the 
treatment apparatus 303 when ultraviolet light Is to be 
used for irradiation. When an ozone treatment is to be 
performed., the treatment apparatus 303 is configured 
such that a prescribed voltage can be applied in an at- 
mosphere of circulating ozone, and the activated ozone 
can be released onto the substrate. When a degreasing 
treatment is to be performed, the treatment apparatus 
303 is configured to allow permanganic acid, chromic 
acid, sulfuric acid, nitric acid, or another strong alkali to 
be fed to the substrate. When paraffin or the like is to 
be applied, an application mechanism resembling an 
ball-point pen is used for the treatment apparatus 303, 
and dissolved paraffin or the like is applied to a region 
centered on the two sides of the pattern-forming region. 
[0093] If a silane coupling agent has been applied, the 
presence of the above -described treatment apparatus 
303 causes the silane coupling agent, which has been 
applied to a pattern-forming region 703, to bond with the 
substrate material, whereas groups readily wettabte by 
water are exposed on the surface. If a porous film has 
been formed, the aluminum oxide, silica, or other film 
formed in the pattern-forming region 703 is apt to con- 
tain fluid because of its porosity. If reverse sputtering 
has 1 1 sen performed, the surlace temperature of the pat- 

, fl |_.- |M ' _ I, III hi II t '< H| i« 

film adhesion and to achieve transformation to a hy- 
drophilic film. If a corona discharge has been generated, 
hydi >t hilic properties are achieved because of the for- 
mation of OH groups or COOH groups on the substrate 
-ir if - plasma treatment has been performed, the 



products are a cross-linked layer and unreacled groups 
of the macromolecules on the substrate surface. The 
unreacted groups are readily oxidized, yielding OH 
groups, C=0 groups, CHO groups, COOH groups and 
s the like, and providing hydrophilic properties, if ultravi- 
olet light is used to irradiate a substrate or the like ob- 
tained using polyester or polypropylene, OH groups or 

-) n ,. r t J 1 r, i 1 i ii - f 

afforded. If ABS, polypropylene, or the like has been 
io treated with ozone, surface affinity is improved, if a de- 
greasing treatment has been performed, the substrate 
surface is oxidized, replacement with hydrophilic groups 
is achieved, and hydrophilic properties m afforded if 
an application treatment involving paraffin or the like has 
is been performed, the coated region has affinity for non- 
polar molecules, and is thus readily wettable if the fluid 
consists of nonpolar molecules. 
[0094] in accordance with the above-described Em- 
bodiment 3 a film having affinity for the surface-modi- 
20 fted pattern-forming region 703 is formed prior io the 
ejection of fluid from the ink-jet print head 2, creating 
only a slight danger of separation or excessive spread- 
ing for the droplets 12 (*8) impinging on the pattern- 
forming region.. 

So 

{Embodiment 4) 



above. 

{0096] Fig. 8 is a plan view illustrating the treatment 
concept of Embodiment 4. The treatment apparatus 304 
3$ of Embodiment 4 is configured to allow a film 704 with 
no affinity for the fluid to be formed in a region outside 
the pattern-forming region of the substrate t. 
{0097) The above-described methods for applying 
paraffin or the like can be cited as examples of treat- 
y's ments for forming a zero-affinity film when the fluid con- 
tains polar molecules. The following methods, which are 
described in Embodiment 3 above, can be used when 
the fluid is devoid of polar molecules: methods for ap- 
plying silane coupling agents: methods for forming atu- 
4$ minum oxide, silica, and other porous films; and meth- 
ods for performing reverse sputtering in argon or the 
like; as well as corona discharge treatments, plasma 
treatments, ultraviolet irradiation treatments, ozone 
treatments, degreasing treatments, and various other 
so known methods. 

[0098] Methods for forming films with no affinity for 
nonpolar molecules or films having affinity for poiar mol- 

t - It* If w i 

and their description wilt therefor© be omitted. 
55 {0099] According to Embodiment 4, a film 704 with no 
affinity for the tluiJ • • >,r>-< i • ' c i 
forming region before the fluid is ejected from the ink- 
jet print be=» J ? 
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overflowed the pattern-forming region is repotted by the 
si affinity film 704, and can thus be confined to the 
en -forming region. 

(Embodimenl 5) 

(0100} 

to a treatment for forming a pattern-forming region to 

f [ f j A I t .1 I J N -5 1 'l > I H 

and is primarily used in the first arrangement described 
above. 

[0101] Fig, 9 is a side view illustrating the treatment 
concept of Embodiment S. The treatment apparatus 305 
of Embodiment 5 is configured such that an absorption 
layer 705 for absorbing fluids is formed in the pattern- 
forming region of the substrate 1 . 
[0102] Polyvinyl alcohol (PVA), polyvinyl acetate, or 
the like can be used for the absorption layer 705. It is 
believed that the treatment apparatus 305 should be 
equipped with an application mechanism resembling a 
ball-point pen in order to apply the polyvinyl alcohol. 
[01 03] In the aforementioned arrangement, the treat- 
ment apparatus 305 forms the absorption layer 705 prior 
to fluid ejection, and droplets 11 of a fluid are ejected 
from the ink-jet print head 2 onto the absorption layer 
705 thus formed. The droplets 11 of the fluid thus ejected 
are partially absorbed by the absorption layer 705. and 
the fluid is fixed inside a layer 14. A pattern is thus 
formed in the region where the absorption layer has 
been formed, 

[0104] According to Embodiment 5, the treatment ap- 
paratus 305 forms an absorption layer prior to the ejec- 
tion of fluid from the ink-jet print head 2, allowing a pat- 
tern to be formed in accordance with the absorption lay- 
er, and excess fluid to be absorbed by the absorption 
layer, 

(Embodiment 6) 

[01 05] Embodiment 6 of the present invention relates 
to a treatment for forming banks (in the form of dikes} 
that inhibit the outflow of fluid near the borders of the 
pattern -forming region as a physical-chemical action, 
and is primarily used in the first arrangement described 
above. 

[0 1 06] Fig. 1 0 is a plan view illustrating the treatment 
concept of Embodiment 8, The treatment apparatus 306 
of Embodiment 6 is configured to allow a plurality of 
banks 706 for inhibiting fluid outflow to be formed near 
the borders of the pattern-forming region on the sub- 
strate 1 . A plurality of application mechanisms resem- 
. Ur.c bail-point pens are used as the treatment appara- 

; - , u t * n- nv mi i u > i r,' 
specific height. Each application mechanism is dis- 
posed in the width direction of the pattern-forming region 
at a distance equal to the width thereof. Pofyimidcs, 
acrylic resins, epoxy resins, and the like can be suggest- 
ed as the materials for the banks 708. 



{01 07] The treatment apparatus 306 thus configured 
gradually forms banks 706 prior to fluid ejection. When 
fluid droplets 11 are ejected in the pattern -forming i :- 
gion fc 

5 706 prevents the fluid from escaping beyond the banks. 
The fluid solidifies in the pattern-forming region en- 
closed within the two banks. 

[0108] It is prclf'l ■ i V 1 1 in 1 'I 
banks 706 following fluid solidification be provided. This 
10 is because the banks are no longer needed once the 
fluid has been fixed as a pattern. Plasma ashing, etch- 
ing, or another method may be used for such bank re- 
moval. 

£0109] According to Embodiment 6, the fluid can be 
is prevented from escaping beyond the pattern -forming re- 
gion because the banks are formed prior to the ejection 
of fluid from the ink-jet print head. Bank width can be 
kept small by removing the banks following pattern fix- 
ing, 

20 

(Embodimenl 7) 

[0110] Embodiment 7 of the present invention relates 
to a treatment for arranging the ejected fluid as a phys- 



25 teal action, and is primarily used 
ment described above. 
[0111] Fig. 11 is a diagram d 
concept of Embodiment 7, where 

Cl« i= a uiauf Th 


n the st 


tcondarrange- 
the treatment 


' 'y- » 
so 310 of Embodlms 


nt 7 is provided 


tre that 


ilurality of nee- 
the fluid 12 im- 


die members 71 C 
pinging on Iho si 


bstrate 1 is dis 
i -forming regior 


ributed 
byrubt 


along the bor- 
ing. Each nee- 


die member 710 
35 pattern-forming r 
thereof. The ne 


3dte members 


e width 
nee eqi 

no sh< 


direction of the 
jal to the width 
suid preferably 



have specific mechanical strength, yet be sufficiently 
elastic to prevent substrate damage, The needle mem- 
bers 710 therefore consist of a resin, rubber, soft metal, 

40 of other such material, 

[0112] When the ink-jet print head 2 ejects a fluid onto 
a substrate in the arrangement described above, the 
pattern-forming region is struck in a ejection direction 
that contains errors, albeit small. Consequently,. the im- 

4$ pact posit ions have borders that fall outside the pattern- 
forming region in some areas even when the positions 
themselves are substantially aligned with the longitudi- 
nal direction of the pattern-forming region. The treat- 
ment apparatus 310 distributes She overflowing fluid 12 

50 along the borders of the pattern -forming region by rub- 
bing, returning the overflowed portions back to the con- 
fines of the pattern-forming region and forming a pattern 
15 of specific width. 

[0113] According to embodiment 7, a regularly 
ss shaped pattern can be formed because the treatment 
apparatus 310 Hi-- ■> ^ n "> > ^ J 
even if the droplets of fluid previously ejected by the ink- 
jet print head 2 have misaligned impact positions. 
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(Embodiment 8) 

[0114] Embodiment S of the present invention relates 
t,c i • eatment for absorbing excess impact fluid as a 
physical action ind is pt mari y us* „ l thi se mi I a 

[0115] Fig 12 is a diagram illustrating the treatment 

, - l , ; t Vif m. ii = ' fie 'jr. n . ; >* 

and Fig. 12B is a side view. The treatment apparatus 
31 1 of Embodiment 8 comprises an absorbing member 
711 that moves along the pattern-forming region and is 
configured to allow excess fluid 1 2 impinging on the sub- 
strate 1 to be absorbed. The absorbing member 711 
should preferably be shaped as a pipe capable of ab- 
sorbing excess fluid. It is also possible to adopt an ar- 
rangement in which the absorbed fluid can be ejected 
again from the ink-jet print head 2 The absorbing mem- 
ber 711 should preferably have specific mechanical 
strength., yet be sufficiently elastic to prevent substrate 
damage. The absorbing member therefore consists of 
a resin., rubber, soft metal, or other such material. 
[0116) The pattern is more difficult to disrupt when an 
excess of fluid is ejected from the ink-jet print head 2. 
Droplets of excess fluid fall outside the necessary pat- 
tern-forming region, however In the present embodi- 
ment, the absorbing member 711 of the treatment ap- 
paratus 311 gradually absorbs excess fluid immediately 
after droplets of the fluid impinge on the substrate. Con- 
sequently, the fluid is prevented from spreading beyond 
the pattern-forming region, in addition, the fluid material 
can be conserved by returning the absorbed fluid to the 
mk-jet print head 2 

(Embodiment 9) 

[01 1 7} Embodiment 9 of f he present invention relates 
to a treatment for discharging a fluid with a time differ- 
ence as a physical action, and is primarily used in the 
first and second arrangements described above. 
[0118] Fig. 13 is a side view illustrating the treatment 
concept of Embodiment 9. In Embodiment 9, ink-jet print 
heads 2 configured to allow fluids to be ejected are pro- 
vided as treatment apparatus. Specifically, thisarrange- 



e fluid, £ 
te patte. 



ston prevents the two types of droplets from intermixing, 
and the subsequently falling droplets slide on the previ- 
ously deposited droplets and fall along their per if,, c Li 
Consequently the r ^z-' --t.cJ - - «: c ' 

s 1 1 b f 1 0) of the subsequently ejected fluid to be d 
ited on the areas devoid ol the previously depos w ;' 1 
12a because the latter is deposited at prescribed inter- 
vals. The fluid is therefore deposited within the pattern- 
forming region at a constant density and without any 

io gaps. 

(0120] The above-described aspect may also be such 
that a single ink-jet print head 2 is provided, and a con- 
trol circuit 5 is provided to allow reciprocating moti i 
be performed over the same pattern -forming region, 
is This is because this arrangement provides the same ef- 
fect in terms ol discharging a fluid with a time difference, 
in this case, the benefit is that the number of heads cm 
be reduced. 

[0121] Because Embodiment 9 involves discharging 
20 a fluid with a time difference, the density ol the liquid 
impinging on the substrate can be made uniform, and 
patterns of uniform thickness can be formed. 



(Embodiment 10) 

{01 22] embodiment 
Sates to a treatment for 
lets by laser irradiatior 
marily used in the thirc 
[0123] Fig. 14 is a si 
concept of Embodimi 
treatment apparatus i 
with the third arranger, 
be directed from the « 



jntion re- 
n of drop- 
and is pri- 
d above, 
treatment 
it 10, the 



fically, the 
Ikjht-emit- 



the fluid to be ejected within 
region in a relative back and forth manner. 
[01 19] In the above arrangement, a front ink-jet print 
head 2a ejects droplets 11a such that the impact marks 
i - i i t J i ii ' 1 

'I • . forming region. A back ink-jet print head 2b 
ojtu-is fluid droplets 11 bin a controlled manner to arrive 

i ,r ii ii nil } il> i .nr. r i i i 

be fil ed with the fluid in combination with the already 
j r i u J ' , - i -* i- v tt. i ' r ■ 
, , | , deposited fluid 1 2a, as ii does on the subsequently 
deposited fluid 12b. When other droplets fall on tie 
i , - r t t i in the surface ten- 



diafion with laser light. The laser Sight-emitting diode 
emits laser light of prescribed short wavelength as an 
energy source, and the (ens is configured such that this 
laser light can be gathered on the droplets. The actuator 
is configured to allow the positions of the Sens and the 
laser tight-emitting diode to be corrected in order to 
properly focus laser light 720 on the droplets 11. 
[0124] Although it is preferable for laser light to be 
used for irradiation as a means of supplying energy in- 
stantaneously, this is not the only option as far as sup- 
plying energy to the droplets is concerned. It is also pos- 
sible to feed a hot blast, to perform irradiation with a 
tamp, to create an atmosphere, or to carry out any of a 
variety of other operations. 

[0125] When fluid droplets 1 1 are ejected from the ink- 
jet print head 2 in the above-described configuration, la- 
ser light 720 emitted by the treatment apparatus 320 at 
a prescribed location is focused on the drop lets 11 High 
energy can thereby be instantaneously imparted to the 
droplets 11 . Hie temperature of the energized droplets 
11 increases, raising the concentration of matter dts- 
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solved in the fluid or promoting film formation by the con- 
Sa ted solids. The content of dissolved components 
- • presence is not needed before the impact is thus 
reduced, and the fluid impinges on the substrate 1 m the 
r r , m, composition required for pattern formation 
i i -iii nt r asedtoa 

e e suitable for pattern formation even when the fluid 
t, t v 'i 'i ,i f i in» : print head 
is tower ' t &>e I viscosiiy sust-nb!.; ior pattern fo;- 
mation. 

[0126] According to Embodiment 10, excessive 
spreading of Ihq fluid impinging on a substrate can be 
prevented and the elapsed time until pattern formation 
can be reduced because it is now possible to remove 
dissolved components whose presence is not needed 
before the impact of the droplets 1 1 ejected from the ink- 
jet print head 2, 

(Embodiment n) 

[0127] Embodiment 11 of the present invention re- 
lates to a treatment for bending the trajectory followed 
by the droplets of a fluid by causing them to collide with 
other droplets as a physical action, and is primarily used 
in the third arrangement described above 
[0128] Fig. 15 is a plain view illustrating the treatment 
concept of Embodiment 1 1 , In Embodiment 1 1 , the treat- 
ment apparatus 321 are disposed in accordance with 
the third arrangement in the direction perpendicular to 
the longitudinal direction of the pattern-forming region, 
facing each other across an ink-jet print head 2. Each 
of the treatment apparatus 321 is equipped with a struc- 
ture capable of imparting energy to the droplets from a 
different direction, A structure capable of discharging 
prescribed droplets {for example, a structure similar to 
the ink-jet print head 2) is provided when the imparted 
energy is the mechanical energy resulting from colli- 
sions among prescribed droplets. The term "prescribed 
droplets* refers to reaction solutions for initiating the re- 
actions described below when such chemical reactions 
are intended, and to the ejection of the same fluid as 
that ejected from the ink-jet print head 2 when the goal 
is not to initiate such reactions. A compressor, a nozzle, 
and other components lor blowing air are provided when 
air is to be used as such energy. When an electric field 
is to be used as the energy, electrodes are Installed on 
both sides of the trajectory followed by the droplets 1 1 
of the fluid, and a power source Is provided for applying 
voltage between the electrodes. When an electric field 
is used, a structure is also provided for charging posi- 
tive fj r negatively the droplets 1 1 of the fluid ejected by 
the ink-jet print head 2, 

[0 1 29] When fluid droplets 1 1 are ejected from the snk- 

, ') I t - I I IIUI J Ht < C " 

, , i , uii 3 t.p';,- 1 n*M _n<- > ir treatment 
ipp i it us 321 and performs a control routine, forcing 
the fluid to impinge on a predetermined pattern area, 
t treatment f~ : natus 321 is to eject predeter- 



mined droplets, the droplets are ejected by the treat- 
ment apparatus 321 in synchronism with the droplets 1 1 
ejected by the ink-jet print head 2, the two types o 
lets collide before they impinge on the substrate and 
s the impact positions of the droplets are changed Vh i 
the treatment apparatus 321 is to eject air, the air is 
blown in synchronism with the ejection of droplets from 
the ink-jet print head 2, and the trajectory folio it J 
the fluid droplets is curved. When the treatment appa- 
io ratus 321 is to apply an electric field, the droplets 11 from 
the ink-jet print head 2 are first charged, and the direc- 
tion and magnitude of the electric field between the elec- 
trodes is adjusted based on the control signal Sp, mak- 
ing it possible to vary the impact positions of the droplets 
is by an arbitrary amount of displacement in the direction 
of positive or negative electrode. 
[01 30] Patterns can be formed at any pattern width in 
accordance with the structure described above, As 
shown, for example, in Fig. 1 5, the feeding of control 
zo signals Sp is prohibited in area A1 {area of minimum 
pattern width), allowing the impact positions of the fluid 
droplets 11 to form consistent, finest patterns, on the 
other hand, in area A2 {area of large pattern width), con- 
trol signals Sp are alternately sent to a plurality of treat- 
ies ment apparatus 321 , Sending a control signal Sp caus- 
es the impact positions of the droplets to vary in accord- 
ance with the magnitude of the control signal.. Applying, 
for example, a control signal to the control circuit 321a 
causes energy 7.2 ta to be supplied, and a droplet to be 



so deposited at position P1 . A| 




filled with 



40 [0131] According to Embodiment 1 1 , patterns of any 
pattern width can be formed by controlling the energy 
outputted by the control circuits 321 . 

(Embodiment 1 2) 

[0132] Embodiment 12 of the present invention re- 
lates to a treatment for promoting chemical reactions by 
causing droplets of a reaction solution to collide with 
droplets of a fluid as a physical-chemical action, and is 
so primarily weed in the third arrangement described 
above. 

[0133] Fig. 16 is z--cs- rf.v Dp i j th vm. 
concept os En-- i > tr <> m E' ' . " h: 
treatment apparatus 322 is configured in accordance 
55 with the third arrangement such that a reaction solution 
722 can be mixed in the air with droplets exiting from an 
ink-jet print head 2. The treatment apparatus 322 may, 
for example, be configured in the same manner i 
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ink-jet print head 2 in order to eject the reaction solution 
,, 3 controlled manner. The trajectory followed by the 
reaction solution 722 from the treatment apparatus 322 
is - djusted lo achieve a minimum acute angle in relation 
; *l ;<>rclory followed by the droplets 11 from the ink- 
jet print head 2. This is because a more acute angle pro- 
longs the time during which the two types of droplets 

i ill i i i t i if i 
to allow control signals Sp to be sent to the treatment 
is p tus 322 in synchronism with the control signals 

- r h ,-„ - ( If ' 1 1 i ' 1 

[0134] When fluid droplets 11 are ejected from the ink- 
jet print head 2 in the structure described above, a re- 
action solution 722 is ejected substantially simultane- 
ously from the treatment apparatus 322. The two types 
of droplets are brought into contact before they reach 
the substrate 1 , a chemical reaction or the like is initiat- 
ed, and the droplets impinge on the substrate 1 during 
or after the reaction. 

[01 35] According to Embodiment 12, it is possible to 
initiate reactions in the air. This approach poses prob- 
lems when reactions occur during ejection, but is suita- 
ble for cases in which reactions occur during impact, it 
may, for example, be suitable for cases tn which solidi- 
fication starts or corrosion develops when a reaction oc- 
curs. 

{Embodiment 13} 

[0136] Embodiment 13 of the present invention re- 
lates to a detection and correction treatment of fluid 
droplets., and is primarily used in the third arrangement 
described above, 

[0137] A block diagram of Embodiment 13 is shown 
in Fig. 17, This drawing has substantially the same 
structure as in Fig. 1 , and is different in that a treatment 
apparatus 330 and a detection means 331 thereof are 
provided. The treatment apparatus 330, which may. for 
example,, comprise a laser light-emitting diode, a lens, 
an actuator, and the like, is configured such that laser 
light or another type of light with good rectilinear prop- 
agation properties can be directed in accordance with a 
control signal Sp1 across the trajectory of the droplets 
1 1 ejected from the ink-jet print head 2 The detection 
means 331 , which may. for example, comprise a photo- 
detector, is configured such that light emitted by the 
treatment apparatus 330 can be detected. The control 

i 5 3 configured to allow detection signals from the 
detection means 331 to be received, and the ejection 
, ii, i i i it i, ft., i is speed size, and other at- 
trrt bit , ol the droplets 1 1 to be detected. The arrange- 
ment also allows changes in characteristics brought 
:\c-r - by the use of the ink-jet print head 2 to be fed back 
( r ^ i A \ r > - h - > \t i » it . i 

i s i i Worn to its standard value, the timing 
of the control signal Sh for controlling the ejection of fluid 
from the ink-jet print head 2 is corrected to compensate 

. • t ; shift. Because the impact positions of droplets 



shift when the position or direction has shifted, a drive 
signal Sx for motor Ml or a drive signal Sy for motor M2 
ss sent in order to compensate for this shift. The * i 
position of the ink-jet print head 2 with respect to the 

s substrate 1 can thereby be corrected, and the droplets 
can be deposited at appropriate positions along t pat 
tern-forming region. Detection of droplet speed involves 
performing calculations in accordance with the width of 
the pulse within a detection signal Sp2. Specifically it is 

re believed that because the photodetector has a set de- 
tection surface area., the speed is higher if the pulse 
formed by a passing droplet is Mt r c t < nJ to, i it V , 
pulse is wider. These correspond to a linear depend- 
ence. If the droplet speed has shifted away from its 

ts standard value, the droplets are deposited on the sub- 
strate faster or slower than normal. The control circuit 5 
sends a control signal Sy to the motor M2 for adjusting 
the relative position in the direction of the Y-axis in order 
to compensate for this shift. The desired size is detected 

20 based on the pulse width of the detection signal Sp2 
The reason for this is thai level fluctuations within the 
detection signals increase because the surface area 
traveled by light increases with an increase in the diam- 
eter of the droplets. Because the droplets cannot be ftp- 

ss propriately deposited when their size shifts beyond a 
permissible value, the control circuit 5 performs a step 
whereby the head is cleaned or a warning is issued. 
[01 38] According to £ mbodimenl 13, the trajectory ol 
droplets from an ink-jet print head is detected and cor- 

50 reeled, making it possible to accurately form patterns 
even when the head is develops problems or when its 
characteristics have changed as s result of prolonged 



ss roth* 



[0139] The present 
modified in a variety c 
orients described abo> 



i can be used alter being 
espoctive of the embod- 
ficalfy, the scope of ideas 
tion includes, in addition 
to cases in which a fluid is ejected from an ink-jet print 
head, cases in which treatments are performed before 
ejection, after ejection, or before the droplets impinge 
on the substrate. For example, pattern formation was 
J5 stated as an object in the embodiments described 
above, but this is not the only object, Various applica- 
tions are possible as long as ink can be ejected from an 
ink-jet print head or the like and specific effects ob- 
tained, both in commercial and consumer applications, 
so [0140] The above-described embodiments may also 
be used individually, or a plurality of them may be used 
at the same time, in particular, a treatment should pref- 
erably be conducted using a plurality oi trea'mr r i sp i 
ratus when pattern formation is completed as a result of 
ss a plurality of steps, For example, it is suggested that ad- 
herence of droplets to a substrate can be facilitated by 
performing surface modification with the aid of the treat- 
ment apparatus of ti first arrangement fe 1 i 
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- & ejected, the treatment apparatus of the third ar- 
rangement can be used to perform a treatment si which 
the attributes of the tiutd droplets thus ejected are de- 
tected and the positions thereof are corrected, the drop- 
lets can be finally concentrated on the substrate with the 
aid of the treatment apparatus of the second arrange- 
ment, and the like. 

[01 41] According to the present invention, a structure 
„ i_ t / t - n it • ilment can be performed be- 
i,i i i. 'j the substrate, allowing she 
lorn • ion of patterns by ink-jet systems to be promoted 
through pretreaimcnts. it is therefore possible to dis- 
pense with bulky plant equipment and to form arbitrary 
patterns on substrates at a low cost. 
[01 42] According to the present invention, a structure 
is provided such that a treatment can be performed after 
the fluid has been ejected onto the substrate, allowing 
the formation of patterns by ink- jet systems to be pro- 
moted through afieitrealments.. It is therefore possible 
to dispense with bulky plant equipment and to form ar- 
bitrary patterns on substrates at a low cost. 
[01 43] According to the present invention, a structure 
is provided such that a treatment can be performed the 
moment a fluid is ejected, allowing energy to be impart- 
ed or causing droplets to undergo reactions in'the air. II 
is therefore possible to dispense with bulky plant equip- 
ment and to form arbitrary patterns on substrates at a 
low cost, 

[0144] The entire disclosure of Japanese Patent Ap- 
plication No. 008016/1 998 Med on January 19, 1998 in- 
cluding specification, claims, drawings and summary 
are incorporated herein by reference in its entirety. 



Claims 

1. A pattern formation method for discharging a p 
scribed fluid onto a substrate from an ink-jet pt 
head and forming an arbitrary pattern, wherein s; 
pattern formation method is comprising the steps 



ig said substrate to a specific treat- 
advance before said fluid is ejected; 



3, A pattern formation method for discharging a pre- 
scribed fluid onto a substrate from an ink-jet print 
head and forming an arbitrary pattern, wherein said 
pattern formation method is comprising the steps of 

discharging the prescribed fluid from said ink- 
jet print head; and 

, . ' i r 1 < ' l! i ' * J f- - 

of the fluid thus ejected, before the fly id ejected 
from said ink-jet print head reaches said sub- 



4, The pattern formation method according to any of 
Claims 1 through 3, wherein said treatment is one 
that exerts chemical action on said fluid. 

5. The pattern formation method according to Claim 1 
or 2, wherein said treatment is one in which the sol- 
ubility of a prescribed substance contained in said 
fluid is lowered, and said substance is caused to 
precipitate. 

6. The pattern formation method according to Claim 1 
or 2, wherein said treatment is one in which a sub- 
stance that induces chemical reactions in said fluid 
is ejected onto said substrate. 

7, The pattern formation method according to any of 
Claims I through 3 wherein said treatment is one 



discharging said fluid onto said treated sub- 
strate from said ink-jet print head, 

2. A pattern formation method for discharging a pre- 
scribed fluid onto a substrate from an ink-jet print 
head and forming an arbitrary pattern, wherein said 
pattern formation method is comprising the steps of; 

I i I 1 1 II t _ Im- hi 

strate from said ink-jet print head; and 

performing a specific treatment on the sub- 
strate onto which said fluid has been ejected. 



iha 



8. The pattern formation method according to uaim 
2, wherein said treatment is one that is designed to 
align the borders of said ejected fluid with the bor- 
ders of said pattern-forming region. 

9. The pattern formation method according to Claim 
2. wherein said treatment is one in which excess 
fluid is absorbed by an absorbent as a result of the 
movement of said absorbent along said pattern- 
forming region. 

10. The pattern formation method according to any of 
Claims 1 through 3, wherein said treatment is one 
that exerts physical-chemical action on said fluid, 

11. The pattern formation method according to Claim 
1, wherein said treatment is one in which the area 
of said substrate around said pattern -forming re- 
gion is surface-modified to eliminate any affinity for 
said fluid. 

12. The pattern formation method according to Claim 
1 , wherein said treatment is one in which said pat- 
tern-forming region on said substrate is surface- 
modified to achieve affinity for said fluid. 
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13. The pattern formation method according to Claim 

1 . wherein said treatment is ana in which said pat- 
tern-forming region on said substrate is surface- 
modified into an absorption layer for absorbing said 

fluid. 

14. The pattern formation method according to Claim 
2 wherein said treatment is one in which banks for 
preventing said fluid from flowing out are formed 
around said pattern-forming region, and further to 
comprises a step for removing said banks following 

the formation of said pattern. 

15. The pattern formation method according to Claim 

2. wherein said treatment is one in which the same « 
fluid is further ejected along the pattern region with- 
in which said fluid has already been ejected. 

16. The pattern formation method according to Claim 

3. wherein said treatment is one in which energy is 20 
supplied to said droplets, and the concentration of 
said fluid is raised. 

17. The pattern formation method according to Claim 
3, wherein said treatment is one in which energy is 
supplied to said droplets, and the trajectory of said 
droplets is curved. 

18. The pattern formation method according to Claim 

3,. wherein said treatment is one in which a sub- ao 
stance that induces chemical reactions in said fluid 
is made to act on said droplets, 

19. The pattern formation method according to Claim 
3, wherein said treatment is one in which the at- 
tributes of said droplets are defected, and further 
comprises a step for controlling the ejection of said 
droplets from said ink- jet print head on the basis of 
the dropleS attributes thus detected. 



the drive effected by said drive means; 

said control means being configured to allow 
the treatment by said treatment means >o be 
performed prior to the ejection of fluid from said 
ink-jet print head. 

21. A substrate manufacturing apparatus for forming an 
arbitrary patten, t, i - . ,*~ I n > on 
fluid, wherein said substrate manufacturing appa- 
ratus comprises: 

an ink-jet print head configured to allow said flu- 
id to be ejected onto said substrate; 

treatment means for performing a specific treat- 
ment on said substrate; 

drive means configured to allow the relative po- 
sitions of said snk-ja1 print head, said treatment 
means, and said substrate to be varied; and 

control means for controlling the ejection of 
said fluid from said ink-jet print head, the treat- 
ment performed by said treatment means, and 
the drive effected by said drive means; 

said control means being configured to allow 
the ejection of fluid from said ink-jet print head 
to be performed prior to the treatment carried 
out by the treatment means. 



20. ASuhst 



ring apparatus for forming an 
substrate from a prescribed 
>strate manufacturing appa- 



arbitrary pattern on a substrate from a prescribed 
fluid, wherein said substrate manufacturing appa- 
ratus comprising; 

an ink-jet print head configured to allow said flu- 
id to be ejected onto said substrate: 

treatment means for performing a specific treat- 
ment on the droplets of the fluid ejected from 
said ink-jet print head before said droplets 
reach the substrate: 



;,n !!>;■; i«. pn-u . ' lyured ;o allow n i i 
id to be ejected onto said substrate; 

treatment means for performing a specific treat- 
ment on said substrate; 

drive means configured to allow the relative po- 
sitions of said ink-jet print head, said treatment 
means, and said substrate to be varied; and 

control means for controlling the ejection of 
said fluid from said ink-jet print head, the treat- 
ment performed by said treatment means, and 



drive means configured to allow the relative po- 
sitions of said ink-jet print head, said treatment 
means, and said substrate to be varied: and 

so control means for controlling the ejection of 

said fluid from said ink-jet print head, the treat- 
ment performed by said treatment means, and 
the drive effected by said drive means. 

55 23, The substrate manufacturing apparatus according 
to any of Claims 20 through 22. wherein said treat- 
ment means is configured to allow chemical action 
to be exerted on said fluid. 
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24, The substrata manufacturing apparatus according 
to Claim 20 or 21 , wherein said treatment means is 
configured to allow the solubility of a prescribed 
s o^.ar c :• contained in said fluid to be lowered, and 
said substance to be precipitated 

25. The substrate manufacturing apparatus according 
to Claim 20 or 21 , wherein said treatment means is 
configured to allow a substance that induces chem- 
ical reactions in said fluid to be ejected onto said 

substrate, 

28, The substrate manufacturing apparatus according 
to any of Claims 20 through 22, wherein said treat- 
ment means is configured to allow physical action 
to be exerted on said fluid. 

27, The substrate manufacturing apparatus according 
to Claim 21 , wherein said treatment means is con- 
figured to allow the borders of said ejected fluid to 
be aligned with the borders of said pattern-forming 
region. 

28, The substrate manufacturing apparatus according 
to Claim 21, wherein said treatment means com- 
prises an absorbent and said control means allows 
excess fluid Eo be absorbed by said absorbent as a 
result of the relative movement of said absorbent 
along said pattern -forming region. 

29, The substrate manufacturing apparatus according 
to any of Claims 20 through 22, wherein said treat- 
ment means is configured to allow physical-chemi- 
cal action to be exerted on said fluid 



30. The substrate r 



figured ti 
said patt 



mufacturmg apparatus according 
ein said treatment means is con- 
ie area of said substrate around 
iiioii - n'.ri -! ttioc 



tf i 1 ripj ,i - ^ it. con- 
tow the pattern -forming region on said 
be surface-modified to achieve affinity 



32. The pattern manufacturing apparatus according to 
Claim 20, wherein said treatment means is config- 
ured to allow the pattern -forming region on said 
substrate to be surface-modified into an absorption 
layer for absorbing said fluid. 

33, The substrate manufacturing apparatus according 
to Claim 22, wherein said treatment means is con- 
figured to allow banks for preventing said fluid from 

*> r q .-: .! _ _ --..fn.cd =3 - J S.-.IC J-t t t _ fi 
mg region wiu 



said manufacturing apparatus further com- 
prises means for removing said banks following the 
formation of said pattern 

34. A substrate manufacturing apparatus for forming an 
arbitrary pattci <~ n < ~ > i 

fluid, wherein said substrate manufacturing appa- 
ratus comprises: 

an ink-jet print head configured to allow said flu - 
id to be ejected onto said substrate: 

drive means configured to allow the relative po- 
sitions of said substrate and said ink-jet print 
head to be varied: and 

control means for controlling the ejection of 
said fluid from said ink-jet print head and the 
drive effected by said drive means, 

said control means further discharging the 
same fluid from said ink-jet print head along the 
pattern region within which said fluid has al- 
ready been elected 

35. The substrate manufacturing apparatus according 
to Claim 22 wherein said treatment means is con- 
figured to altow energy to be supplied to said drop- 
lets, and the concentration of said fluid to be raised. 

36. The substrate manufacturing apparatus according 



lets, and the trajectory of said droplets to be curved. 

37. The substrate manufacturing apparatus according 
to Claim 22, wherein said treatment means is con- 
figured to allow a substance that induces chemical 
reactions in said fluid to be fed to said droplets. 

38. The substrate manufacturing apparatus according 
to Claim 22, wherein said treatment means is con- 
figured to allow the attributes of said droplets to be 
detected: and 

the control means controls the ejection of said 
droplets from said ink-jet print head and the drive 
performed by said drive mean on the basis of the 
droplet attributes detected by said treatment 
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Fig. 1 
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Fig. 2 
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Fig. 5 
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Fig. 13 
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Fig. 18 
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Fig. 20 




